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Nowadays some adult patients seeking for orthodontic treatment may present severe malocclusion
associated with pronounced skeletal discrepancies. Accordingly, thorough consideration and planning
would be beneficial for the patient by the combined efforts of orthodontic and orthognathic approaches.
This review reiterated the genetic impact on the growth velocity of the jaw with age in Class III
malocclusion, and outlined the treatment protocol for the steps including the initial evaluation, the
diagnosis, and the alignment of the teeth and dental arches before and after surgical correction.
Specifically, emphasis is addressed on how to obtain records of jaw relationship in centric relation (CR)
position. Moreover, the combined efforts in correcting the dental and skeletal Class II jaw discrepancy
were defined and discussed.
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REVIEW ARTICLE

Important Orthodontic Considerations in Preparation
of Orthognathic Surgical Cases
Ib Leth Nielsen*
Division of Orthodontics, University of California, San Francisco, California, USA

ABSTRACT
Nowadays some adult patients seeking orthodontic treatment may present severe malocclusion associated with pronounced skeletal discrepancies. Accordingly, thorough consideration and planning would be beneﬁcial for the patient
by the combined efforts of orthodontic and orthognathic approaches. This review reiterates the genetic impact on the
growth velocity of the jaw with age in Class III malocclusion, and outlines the treatment protocol for the steps including
the initial evaluation, the diagnosis, and the alignment of the teeth and dental arches before and after surgical correction.
Speciﬁcally, emphasis is addressed on how to obtain records of jaw relationship in centric relation (CR) position.
Moreover, the combined efforts in correcting the dental and skeletal Class II jaw discrepancy are deﬁned and discussed.
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Keywords: Orthognathic surgical correction; Differential diagnosis; Dento-alveolar compensation; Computer treatment
simulation; Retention

INTRODUCTION

Dental treatment history

O

At ﬁrst, we will discuss the growth potential of the
mandible leading to the unpredictable consequence
of dental Class III malocclusion. Conventional dental
treatment, especially any earlier orthodontic intervention such as expansion, and/or use of ﬁxed or
functional appliances to inﬂuence mandibular or
maxillary growth is exercised. Moreover, the clinician
in an attempt, and possibly at the wrong time, may
have decided to extract two lower bicuspids to correct
the mandibular overjet, or underbite, after which the
lower anterior teeth may have been retracted to
compensate for the skeletal problem. Nevertheless,
these approaches may have contributed to changes in
root length of the teeth or adverse effects on the
temporomandibular joint (TMJ) function that could
render further correction difﬁcult.
The scenario may lead one to ponder whether any
prediction can be made to unravel the myth of
mandibular growth post puberty at any age-related
growth. Ricketts published charts on the average

rthodontists in private practice see a number of patients with severe dental malocclusions that are due to pronounced skeletal
discrepancies. In most instances, these patients
can only be corrected by a combination of orthodontics and orthognathic surgical treatment.
Thus, a systematic and careful approach is
necessary to prepare the patients for surgery to
obtain the best possible clinical result. The aim of
this overview article is to point out some of the
many details that the orthodontist needs to
consider, during the initial evaluation, the diagnosis and alignment of the teeth prior to and
following the surgical correction. We will discuss
several aspects related to the diagnosis and
treatment of such severe malocclusions and the
clinical considerations of the most important aspects of the treatment plan will be illustrated.
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predicted outcome of the jaw development on
growth relative to age average.1 However, uncertainty still exists with respect to the residual growth
of the lower jaw.

To sum up, it is important to incorporate the
knowledge of growth potential in treatment
involving in the jaw discrepancies. Furthermore,
communication between the orthodontist, the oral
surgeon and patient must be clear before any
treatment plan is ﬁnalized.

Role of genetics
Class III malocclusion is one example of the role
of genetics in the development of the malocclusion.
On one hand, a family predisposition towards the
development of the malocclusion should be traced
and incorporated into treatment plan. On the other
hand, the knowledge of the growth velocity of the
jaw may indirectly provide valid information as to
the timing of the treatment. The mandibular and
maxillary growth velocity curves seen in Figure 1
clearly show that maxillary sutures (yellow) on
average stop growing about 3 years before the
mandibular condyles (green). It also indicates that
the timing of completion of mandibular condylar
growth vary from age 16 in boys to age 22e23.
Hence, it is not surprising to learn that with growth,
a Class III malocclusion associated with a prognathic mandible may get worse after post pubertal
age.1 Since the maxilla on average stops growing
about three years before the mandible, the patient
now runs the risk of a gradually worsening malocclusion due to continued mandibular growth.

THE ROUTINE ORTHODONTIC
PROTOCOL IN PATIENTS WITH
MALOCCLUSION ASSOCIATED WITH
JAW DISCREPANCIES
1. Initial Consultation
After the need for treatment has been established
and, insurance issues, if any, have been discussed,
usually a records appointment is scheduled. In some
cases, especially when the patient has a Class III
malocclusion, it may be prudent to postpone treatment if further mandibular growth is anticipated.
2. Establish a Diagnosis
The ﬁrst or initial consultation with the patient
should include a detailed history and clinical evaluation so that the patient's individual treatment
needs, and desires can be recognized and understood. It is not uncommon that the orthodontist/oral

Figure 1. Growth timing of body height, condyles and sutures in boys. Notice that sutural growth on average is completed at age 17 whereas condylar
growth on average is completed at age 18 (red arrow). The graph shows that condylar growth can be completed as early as age 16 and as late as age
23. (From Bj€ork, 1963).2
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lateral as well as smile photos both in frontal and
lateral view (Figure 2).
In patients with severe overjet, photos should be
obtained with the lips closed and apart in a relaxed
position without mentalis muscle strain unlike the
photos shown in the below picture. For patients with
a Class II malocclusion due to a retrognathic
mandible it is also helpful to have the subject posture
the lower jaw forward to an almost normal occlusion.
This helps to determine the effect of a possible
mandibular advancement later and gives the patient
an idea of the result that can be obtained. Intraoral
photos including frontal and lateral views as well as
the upper and lower arches are a must (Figure 2).
The pleasing result is usually obtained by using

surgeon sees the situation much different from the
patient. It is therefore important to have a frank
discussion with the patient of the problems at hand
and whether the desired outcome can be achieved.
It is also relevant for the clinician to see both parents
or spouse or a close family member at the treatment
consultation either at the very ﬁrst visit or at the
later treatment consultation where the treatment is
explained.
3. Obtaining Diagnostic Records
At the records appointment the following is usually recorded. Facial photos, intraoral photos, a
lateral and a frontal cephalometric head ﬁlm and
study casts. The facial photos should include frontal,

Figure 2. Diagnostic records of Pt. S. R. Age 22 yrs. 9 mos. The patient has a Class II, Div.1 malocclusion with severe deep overbite and excessive
crowding in the mandible.
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photographic mirrors which were used in this
illustration.
Recording the correct occlusion
Many patients with severe malocclusions have a
natural tendency to posture the lower jaw to a position where they get the best tooth contact, the socalled centric occlusion (CO). Hence, we often ﬁnd,
especially in surgical cases, that there is a considerable discrepancy between centric occlusion (CO)
and centric relation (CR).3 Thus, in taking records of
an orthognathic case, for planning the extent of the
surgical procedure, accurate CR position is deemed
necessary.
It is a common problem in adults and in particular
in patients with a Class II malocclusion that they
routinely posture the mandible forward. This
problem can also be seen in patients with skeletal
open bite and in patients with an asymmetric
mandible where an asymmetric setback is needed.
Far too often the orthodontist relies on “handheld”
models and second-guess where the jaw might be.
This “guessing game” leads to faulty diagnosis and
an incorrect surgical plan that is problematic to say
the least. To get around the problem the casts need
to be carefully mounted on an articulator in CR
using one of several possible techniques.
The most typical and reproducible way to record
the CR position is to take a two-piece wax bite using a
bite registration material such as Delar Wax™
(Figure 4A). The ﬁrst piece, after being heated in a hot
water bath and folded several times, is placed over
the upper incisors and canines. The goal is to separate the posterior teeth by about 2e3 mm (Figure 4B).
This wax bite is then removed and placed in cold
water and trimmed so as to allow the lower incisors to
bite into the markings without hanging up on the
material. A second piece of Delar wax consisting of in
most cases one layer only is then softened in the hot
water. After placing the ﬁrst wax bite on the upper
incisors, the second piece while still warm is inserted
over the posterior teeth and the patient instructed to
bite together (Figure 4C).
During the registration it is important to support
the lower jaw, as seen in Figure 3 with a slight
downward pressure on the chin and an effort of
rotating the mandible with two ﬁngers placed under
the posterior part of the mandible to seat the condyles. In some patients it can be difﬁcult to obtain a
CR position at the records appointment due to
muscle tension, where the mandible cannot easily
be manipulated. In such cases we recommend using
a ﬂat splint on the upper dental arch for a week or
two to disorient the proprioception from the teeth

Figure 3. Seating the condyle by manipulation.

and get the patient to a so-called “structural position” or CR4 The same procedure for bite registration described above can then, after a week or two of
full-time use of the ﬂat splint, be used with the
following approach. The patient's splint is removed
and replaced by two cotton rolls, so the patient does
not bring the teeth together while the wax bite is
being prepared. Then the registration is taken, after
removal of previously described cotton rolls. In
most cases two or three registrations are necessary
before the patient is relaxed enough to allow the
manipulation of the jaw without muscle tension.
Another problem we frequently encounter is that
the lateral head ﬁlm is not taken in CR but in CO or
maximum intercuspation. In patients where the
mounted models show a clear discrepancy between
CO and CR the following procedure can be used to
ensure the head ﬁlms are taken correctly in CR. On
the mounted casts a wax bite is made that captures
the correct CR of the lower jaw. This should then be
trimmed so as not to extend past the buccal surfaces
of the teeth and tried in the patient's mouth to
ensure that he or she can insert it without difﬁculty
when the x-ray or CBCT is taken. The patient is
then instructed to bring the wax bite to the X-ray lab
and place it before the head ﬁlm or CBCT is taken.
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Figure 4. Two-piece Delar Wax™ technique to achieve CR position of the condyles. A. Anterior section includes incisors and canines. B. Anterior
section inserted on mounted models. C. Posterior and anterior section inserted on mounted models.

changes or dysplastic changes present, the importance of this will be explained in the following.

The same wax bite can also be used for the facial
photos to again ensure and accurate position of the
lower jaw since the facial photos often are used to
plan the surgical correction this step can be very
useful.

Understanding the cephalometric analysis
Below is an example of the so-called “Bj€
ork
Analysis,” named after Professor Arne Bj}
ork,
Denmark who was one of the ﬁrst to develop a
cephalometric analysis based on populations with
and without malocclusion.5 This analysis is
commonly used even today to describe the
morphology of the patient's face (Table 1). It is
important to understand that the mean values
represent the population mean from which the data

The role of the lateral cephalometric headﬁlm analysis
An important part of the treatment planning
process is to perform a detailed analysis of the
lateral headﬁlm, with the mandible in CR. Most
orthodontic ofﬁces now use digital headﬁlm and
some even create a headﬁlm from a CBCT ﬁle of the
patient. In either case the analysis is important as it
tells the clinician where the patient's problems are
located and whether they are primarily skeletal or
dento-alveolar. There are numerous Cephalometric
analyses on the market today and some programs
such as Dolphin™ and TIOPS™ are especially
designed to help in not only the conventional
analysis but also permit computer simulation of
possible treatment scenarios. This helps get a clear
idea of what type of surgical correction is indicated,
but also what is needed from the orthodontic
preparation to set the dental arches up correctly so
the teeth will ﬁt closely at surgery.
The primary purpose of the cephalometric analysis of the lateral headﬁlm is to determine if the
patient's malocclusion is due to primarily a skeletal
or dento-alveolar problem. It is important, no matter which analysis is used, to keep in mind that the
measurements from the lateral headﬁlm should
allow the clinician to distinguish between the skeletal components of the face and their relationship in
both the sagittal and vertical plane. It is also
important that the analysis makes it possible for the
clinician to determine if there are compensatory

Table 1. Typical cephalometric analysis of sagittal and vertical jaw
relationship.
Measurement
Sagittal:
Overjet
SNA (Max. Protrusion)
SNPg (Mandib. Prognathism)
SNB (Mandib. Apical Base)
Pt. A-N-Pg (Sagt. Jaw. Rel.)
Pt. A-N-Pt. B (Sagt. Apical Base Rel.)
Pt. A-N-Pr (Max. Alv. Protrusion)
ILs/ANS-PNS (Max. Incisor Incl.)
CL/Go-Gn (Mandib. Alv. Protrusion)
ILi/Go-Gn (Mandib. Inc. Incl.)
Vertical:
Overbite
SeN/ANS-PNS (Max. Inclination)
SeN/Go-Gn (Mandib. Inclination)
ANS-PNS/Go-Gn (Vert. Jaw Rel.)
ANS-PNS/OLs (Max. Zone)
Go-Gn/OLi (Mandib. Zone)
Cranial Base:
NeSeBa (Median Cranial Base Flex.)
NeS-Ar (Lat. Cranial Base Flex.)

Pre-Treatment Mean SD
11.1
82.3
80.3
77.5
2.0
4.8
4.3
123.5
72.5
92.6

3.0
82
80
79
2.0
3.0
3.0
110
70
94

2.3
3.5
3.5
3.5
2.5
2.5
1.0
6.0
6.0
7.0

6.8
7.7
25.8
18.2
7.1
21.9

2.5
8.0
33.0
25.0
10.0
20.0

2.0
3.0
6.0
6.0
4.0
5.0

134.2
126.6

134
124

4.5
5.0

Abbreviations: Pt, point; ILs, lower incisors; CL, chin line; OLs,
occlusal line superiors; OLi, occlusal line inferiors.
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is obtained, and they should never be used as
treatment goals. Another common mistake is to
consider values that lie within one standard deviation to be without importance. However, it should
be remembered that if several measurements are
considered together that all may be within one
standard deviation but added together, they can
result in a signiﬁcant discrepancy.6

the cephalometric values are listed in Table 1 (blue
numbers). In this instance the alveolar protrusion in
the mandible is reduced which is part of the reason
for the severely increased overjet (11 mm). Another
component is maxillary incisor inclination that in
this patient is increased making the sagittal skeletal
discrepancy greater. This is referred to as a dysplastic
change as it makes the malocclusion more severe.7
The vertical measurements show that the deep
overbite (6.8 m) is skeletal as the patient has a
reduced vertical jaw relationship. Here again we are
interested in the dento-alveolar development in
both maxilla and mandible as they can tell us about
possible compensatory or dysplastic development.
These are measured as the so-called Maxillary Zone
(ANS-PNS/OLs) and the Mandibular Zone (Go-Gn/
OLi). These zones express the relative vertical
eruption difference between the anterior and posterior teeth in both jaws. In this particular patient
the numbers clearly show that the deep bite is primarily the result of over eruption of the lower

What do the numbers mean?
To understand what the cephalometric numbers
mean it is useful to look at an individual patient's
cephalometric analysis. The ﬁrst step is to determine dental conditions. It is seen from the intraoral
view and the study casts that indicate a Class II, Div.
1, Deep bite. The next step is to determine if the
malocclusion is primarily skeletal or dento-alveolar
origin. The measurement that can give us this
answer is the sagittal jaw relationship or the angle
(Pt. A-N-Pg).5 In the patient seen in Figure 5, where

Figure 5. Lateral facial photo with superimposed cephalometric tracing. Notice the Class II molars and excessive overjet.
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Figure 6. Simulation of surgical correction with mandibular advancement and downward rotation of the distal segment.

anterior teeth, whereas the upper zone shows lake
of compensation.

shown in Figure 6. We have chosen this patient to
illustrate the advantage of a careful computer
simulation prior to treatment that allows the clinician to visualize various treatment possibilities.
The patient's Class II malocclusion has in this
example been corrected by mandibular advancement. The deep overbite, that primarily was the
result of over eruption of the lower anterior teeth,
has been surgically corrected by downward rotation
of the distal segment of mandible. When the oral
surgeon and the orthodontist have agreed as to the

Treatment simulation
Following the conventional cephalometric analysis one or more “treatment simulations” of possible
treatment scenarios should be performed which will
allow the clinicians to create several options for
treatment to be discussed between the orthodontist
and oral surgeon. One example of a simulation is
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reduced to allow the maximum skeletal correction to
be made during the surgical procedure (Figure 7).

best course of action, after comparing possible
treatment plans, the actual orthodontic phase of
treatment can begin.

Aligning the maxillary incisors to the facial proﬁle.
4. Goals of pre-surgical orthodontic treatment

An important esthetic detail in preparing the patient for surgical correction is to place the maxillary
incisors so they are in balance with the patient's
facial proﬁle in both the sagittal and vertical positions (Figure 8).
Therefore, before orthodontic treatment begins it
is important to carefully decide on the horizontal
and vertical position of these teeth so the patient
will display the right amount of gingival tissue upon
smiling and a balanced relationship to the upper lip
at rest. The average amount of incisal show at rest
should be about 2 mm.8 It is also critical that the
front teeth have the correct amount of torque to give
the best esthetic appearance in both frontal and side
view. Too upright maxillary incisors give the patient
an unattractive ﬂat look upon smiling.

During the orthodontic treatment before surgery,
it is important to make sure that several important
details are considered. The listings below include
some of the critical points to remember when
setting up the occlusion prior to the surgical
correction:





Eliminate dento-alveolar compensations
Align maxillary incisors to facial proﬁle
Coordinate upper and lower arches
Ensure the upper arch width is adequate in cases
needing midline correction

Once pre-surgical orthodontic treatment has
begun there are several additional considerations to
pay attention to setting the occlusion up correctly
before surgery, here are some of the most
important:

Arch coordination.
In order to get a stable occlusion post treatment,
the dental arches must be well coordinated. Transverse expansion of one or in some cases both arches
is frequently necessary to get a good ﬁt of the teeth.
In the preplanning stage the extent of this expansion
should also be carefully planned. It must be determined if, in cases where the upper arch needs
transverse expansion, it can be done by simple orthodontic or dental expansion, or it requires a surgical assisted skeletal rapid palatal expansion
(SARPE). If needed, the SARPE is usually done as a
separate phase before full ﬁxed appliances are
placed. Once the correct width has been achieved

 Ensure overjet and overbite is correct in Class I
occlusion
 Eliminate crowding and manage spacing
 Check for posterior fulcrum on second molars
 Include all permanent teeth in the appliance
Eliminate dento-alveolar compensations.
In most patients, irrespective of their malocclusion, there is a certain amount of dento-alveolar
compensations that has developed over time. These
compensations need to be either removed or

Figure 7. Intraoral, facial photo and cephalometric headﬁlm showing dentoalveolar compensation in the mandible.
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Figure 8. Frontal smile and lateral view of anterior occlusion post-surgery.

 Include all permanent teeth in the appliance
 Check bracket position to ensure adequate
overbite can be obtained
 Check incisor torque

and stabilized full ﬁxed appliances are placed the
alignment phase can begin. Depending on the
upper arch form in some cases the arch width increase can be achieved at the time of the main
surgical procedure as a two or three-piece maxilla in
combination with whatever maxillary procedure is
otherwise needed.

To ensure the changes are achieved it is critical to
take in treatment models and manually place the
models in the desired post-surgery occlusion.
Several sets of models are usually needed to ensure
a good ﬁt at surgery. The rule of thumb here is that
the better ﬁt at surgery the more stable the end
result will be. One should also remember that after
surgery most patients want their treatment to be
ﬁnished sooner rather than later, so in reality the
post treatment period should be as short as possible
and last no longer than 4e5 months.

Leveling the arches.
In the lower arch, if a deep curve of Spee is present, the plan to level by intrusion of incisors or
extrusion of premolars is based on the desired ﬁnal
face height. If the face is short and the distance from
the incisal edge of the lower incisor to the chin is
normal, then leveling by extrusion of posterior teeth
is indicated, so the chin will move downward at
surgery. If the lower incisors, on the other hand, are
over erupted and the face height is normal or
increased, the teeth should be intruded so that
normal face height can be obtained at the time of
surgery. Once orthodontic treatment has begun
there are several additional considerations to pay
attention in order to set the occlusion up correctly
before surgery, here are some of the most
important:

Checking overjet and overbite in Class I Occlusion.
In the typical Class II, Division 1 malocclusion it is
not too difﬁcult to achieve a correct overjet and
overbite prior to surgery. It is also fairly simple to
check the alignment of the buccal teeth and the
posterior occlusion by having the patient posture
forward into Class I occlusion where the anterior
occlusion should not prevent a correct interdigitation of the molars in a Class I relationship (Figure 9).
However, in a case with an anterior open bite this
check can often be difﬁcult without the in-treatment
study casts where the occlusion can be tried in a

 Make sure overjet and overbite is correct in
Class I occlusion
 Eliminate crowding and manage spacing
 Check for posterior fulcrum on second molars
77
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Figure 9. Adult patient with Class II, Div. 1 malocclusion pre surgery. The patient has been asked to posture the mandible forward to simulate the
effect of a mandibular advancement.

allowing the teeth to ﬁt in a good occlusion, the
compensations are removed to permit the teeth to
be positioned over basal bone, allowing the correction to be done skeletally with jaw surgery. An
example of a Class II, Division 1 malocclusion
treated with four bicuspid extraction and mandibular advancement is the patient previously shown in
Figure 2. The post treatment records seen here
demonstrate the result of an 8 mm mandibular

Class I molar relationship and the overjet and
overbite post-surgery can be checked.
Eliminate crowding and manage spacing.
Extraction patterns for surgical cases is in most
cases opposite to the extraction pattern of so-called
“camouﬂage orthodontic treatment.” Instead of
camouﬂaging the skeletal malocclusion and

Figure 10. Post treatment records of the patient seen in Figure 2. Treatment included four ﬁrst bicuspid extraction and an 8 mm mandibular
advancement.
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“Surgery ﬁrst”.

advancement after initial orthodontic alignment and
extraction of four ﬁrst bicuspids (Figure 10).
In a skeletal Class II case, usually the lower incisors are proclined (to compensate for the small
lower jaw) and extraction of the lower ﬁrst premolars is indicated to retract the incisors, increase
the overjet thereby allowing for a greater mandibular advancement. In the case of a Class III malocclusions
the
surgical
preparation
usually
necessitates moving the lower incisors forward
while retraction the upper incisors often requires
extracting the upper ﬁrst premolars to correct their
axial inclinations and increase the mandibular
overjet, thereby maximizing the maxillary
advancement.

This approach has become quite common lately
and seems under the right circumstances to have
great beneﬁts. Several studies have shown a significant shortening of the total treatment time.9 However, careful patient selection and precise treatment
planning is very important for a successful outcome.10e12 Despite the advantages of this technique
it has its limitations as the actual occlusions of the
teeth cannot have the same guiding role as with a
more conventional approach, also a diagnostic
model set-up to simulate the correction is important
according to Ahmadvand et al. to make sure this
approach is beneﬁcial to the patient.12

SUMMARY

Surgical arch wires.

Orthodontic treatment before and after surgery
should be carefully planned and communicated
well between the providers and the patient to achieve the best esthetic and functional treatment
outcome. Pre-surgical orthodontic treatment progress should be intermittently evaluated with progress models and photos to determine ﬁnal surgical
plan and timing. Post-surgical orthodontics needs to
ﬁnalize the interdigitation in an efﬁcient fashion and
the occlusion should be maintained with retainers.

Surgical arch wires must be passive when inserted
and generally placed after the impressions for surgical models. Surgical arch wires should not be
activated at least 6 weeks prior to surgery. Surgical
arch wires must always be stiff in order to prevent
tooth movement during surgery, preferably be made
of stainless steel (SS) and of the maximum size the
orthodontic brackets can accommodate. Surgical
hooks should always be soldered, not just crimped,
and placed according to the surgeon's preferences.

FUNDING

5. Post- surgical orthodontics.

None.

The post-surgical orthodontic treatment phase
should be kept to a minimum as the patient at this
stage usually is ready to get out of treatment. The
detailing archwires should be shaped to maintain
the arch form but at the same time allow the occlusion to be ﬁnalized. It is especially important in
cases where segmental surgery has been performed
to maintain the arch form achieved, as there is always a tendency for the arches to return towards the
original shape.
At this time ﬂexible arches such as braided archwires, that allow the interdigitation to be completed,
are often used together with triangular up-down
elastics. The goal is to establish a normal over jet
and overbite, with solid interdigitation of the teeth.
In some cases, the detailing can best be accomplished with the use of a gnathological positioner
made on articulator mounted models. In others a
conventional Hawley retainer appliance in the
maxillary arch and a ﬁxed bonded 3-3 retainer in the
mandibular arch can be used. It is critical that the
clinician informs the patient of the importance of
the retention period and that retainers must be used
as prescribed to maintain the treatment result.
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